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13.  Abstract  (Maximum  200  words). 

'SThe  presentation  summarizes  some  of  the  information  that  will  be  released  as  NAVSWC  TR  90-176  on  macrofouling  prob¬ 
lems  within  the  seawater  piping  system  of  the  USS  PRINCETON  (CG  59)  and  its  contribution  to  the  fai lures/corrosior 
problems  observed.  Some  sections  of  NAVSWC  TR  90-176  appeared  in  NAVSSES  10310-1  (March  1990).  The  macrofouling 
problems  were  due  to  the  marine  mussel  (Mytilus  edulis)  and  hydroids.  Serpulids  were  also  observed  but  to  a  lesser 
degree  than  mussels  and  hydroids. 

Mvti I us  edulis  has  previously  been  shown  to  cause  fouling  problems  in  sea  chests  and  seawater  piping  systems. 
Hydroids  (animals)  formed  dense,  plant-like  colonies  in  CG  59  seawater  piping  systems.  Copper  (from  the  copper-nickel 
seawater  piping)  gives  the  hydroids  a  green  color  so  that  they  have  the  appearance  of  seaweed.  Shrimp,  crab,  sponges, 
other  unidentified  crustaceans  and  fouling  debris  were  observed  by  a  fiber  optics  examination  in  the  main  sea  chest. 
When  water  was  pumped  from  the  sea  chests,  intact  mussels  and  hydroids  and  fragments  of  serpulids  were  removed  anc 
located  in  downstream  strainers  and  heat  exchanger  tubes. 

Due  to  the  observed  failures/corrosion  problems  and  the  extent  of  the  macrofouling  in  the  seawater  piping  systems,  ar 
environmentally  safe,  thermal  (steam)  control  method  for  the  macrofouling  was  recommended.  Biological  systems  responc 
very  strongly  to  temperature.  Marine  organisms,  possibly  as  a  result  of  the  relative  stability  of  their  natural 
environment,  are  extremely  sensitive  to  temperature  fluctuations.  Relatively  small  increases  in  temperature  caus( 
significant  mortality  in  Mvti I us  edul is  and  efforts  to  use  thermal  control  to  inhibit  Mvt i I  us  have  been  successful  as 
reported  in  the  literature.  The  following  temperature- time  requirements  have  been  established  for  total  kill  of* 
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*Hvti I us;  106  F  for  1  hour,  95  F  for  7  hours,  82  F  for  4  days  and  77  F  was  completely  ineffective  for  all  durations 
evaluated.  There  is  also  a  synergistic  effect  of  chlorine  with  heat  treatment.-^ 

The  heat  treatment  should  take  into  account  temperature  constraints  for  electronic  equipment  using  seawater  cooling 
systems  (i.e.,  105  F  for  indefinite  periods  of  time;  MIL-STD-1399  NAVY  Section  101;  14  Jan  1972)  and  for  the 
lubricating  oil  coolers/hydraulic  oil  coolers  (i.e.,  90  F  for  large  surface  ships  using  inlet  seawater  cooling;  MIL* 
C-15730K  ships;  12  Nov  1973).  If  flushing  to  the  outside  of  the  ship  after  thermal  treatment  is  not  possible,  then  a 
dilution  of  the  organic  nutrients  in  the  sea  chest  is  necessary  to  prevent  downstream  macrofoul ing  and 
microbiological ly  influenced  corrosion  (MIC)  problems.  It  is  essential  that  all  systems  be  up  and  running  since  stop- 
and-go  operations  could  lead  to  higher  fouling  and  MIC  in  the  piping  systems  from  the  organic  matter  released  from 
the  sea  chests  and  left  stagnant  in  the  piping  systems.  Also,  more  frequent  checking  and  cleaning  of  the  strainers 
and  baskets  would  be  needed  after  any  control  treatment  for  biofouling  in  the  sea  chests. 

Without  a  fouling  control  procedure,  failures/corrosion  problems  as  observed  in  CG  59  seawater  piping  systems  are 
likely  to  occur  especially  if  ships  are: 

(1)  moored  in  regions  (high  and  middle  latitudes)  where  Mvtilus  mussels  are  the  dominant  fouling  species 

(2)  are  anchored  at  times  of  the  year  for  Mvtilus  spawning 

(3)  are  at  mooring  depths  below  the  recommended  navigational  draft  (i.e.,  31  feet  for  CG  59). 
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Zn  anodes:  Rapid  Zn  anode  deterioration  in  A/C  condenser  needing  replacement  every  3  weeks. 
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The  copper  gives  the  hydroids  a  green  color  and  was  picked  up  from  the 
copper-nickel  seawater  piping.  These  hydroids  (although  green  in  color  from 
growing  on  copper)  are  animals  not  seaweed  or  grasses. 
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Shipboard  Systems  Where  Mvtilus  edilus  (Blue 
Mussel)  and/or  Hydroids  Were  Removed 


USS  PRINCETON  (CG  59) 


FWD  Cond.  Drain  Cooler  (inlet  tubes)  Small  shells,  coarse 

shell  fragments 


Y-strainer  #3  A/C  Chilled  Water 


Very  small  shells  to 
medium  sized  shells 


FWD  MGR  LO  Strainer 


Small  to  medium  sized 
shells;  hydroids 


s"  Strainer  Engine  Rm  #1 


Hydroids;  medium  sized 
shells 


AFT  Prairie  Head 


Lots  of  hydroids;  fine 
shell  fragments 


AFT  CRP  Head 


Lots  of  hydroids;  fine 
shell  fragments 


USS  ANTIETAM  (CG  54) 


#2  Spy  Radar  Skid 


70%  fouled  with 
hydroids ;  some  barnacles 


#1  Main  Sea  Water  Strainer 


Small,  medium  and  large 
shells  (ship  reports  no 
massive  shell  incursion) 
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INTACT  MARINE  MUSSEti  SHELLS,  MYTILUS  EPULIS,  REMOVED 
FROM  CG  59  SEAWATER  PIPING  SYSTEMS  RANGED  IN  SIZE 
FROM  APPROXIMATELY  8MM  X  IIMM  (TWO  WEEKS  OLD)  UP  TO 
17MM  X  30MM  (TWO  MONTHS  OLD) 
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le,  anchoring  its  body  by  Some  intact  mussels  were  attached  by  byssal 

threads.  threads  to  form  a  long  string. 
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DISTRIBUTION  OF  MYTitUS  MUSSEL  BEDS  SHOWN  HERE  INDICATES  THAT 
MUSSEL  FOULING  CONDITIONS  ARE  MORE  SEVERE  IN  HIGH  AND  MIDDLE 
LATITUDES  WHERE  THESE  MUSSELS  ARE  THE  DOMINANT  FOULING  SPECIES 
(FROM  LITTLE  AND  DEPALMA,  1988) 
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The  source  of  the  recurring  mussel  macrofouling  problems  in  the  seawater  piping  systems 
would  not  be  from  piers/pilings. 


(/>zB 

m  —  DC 

^  lU  ^ 


0(00 

CDttQ 

IU02 

<o< 


0 

Si 

iH 

4J  u 
0)  O  U) 

cn  c  w 
U  3 
(0  73  0 

(H  I— I 

3  (U 
0)  O  M 
,3^3 

'*^0  3 
3  0  Q) 

0  +1  > 

^  u  a) 

4J  >1 
U  3 

h  CT«  3 
0)  3 
U  'H  -P 

3  -H  <H 

3 

P  <0 
U  O  0 
•H  4J  -H 

3  U  U 
P  3«H  0 
O  U  is  3 

<H  ?  r-( 

_  «  X> 
t)  j3  -P  O 
3  ?  3  P 
•H  CU 
<P  H  3 
•H  3  5  H 
O  O  O  H 
3  «P  3  3 
04  Mja 

n  >1  u 

H  4J 

x|  *0  o  *0 

7  3  3  3 
044J  > 

3  3  P 
•0303 
O4  O  U 
O'  3  +J  43 
3  P  4J  O 
•H  O 
P  4J  43  3 
0  3  43 

O  43  3  -P 


P 

3  . 

•P  CI4 

3  -ri 

5  -C 

3  W 
3  3 
43  3  3 
■P  43 

3  -P 
3  43 
•H  p>  :s 
_  O 
*0  O  H 
3  -P  3 
43  3  43 
O  -H 
3  _  W 
4J  TJ  *0 
•P  3  3 
3  H  43 

iH 

W  3  H 
H  Oi  3 
3  3 

3  3  3 
3  rH  O 
3  H  0 
0  3 

(P  3  -p 

O  "H 

H  ^ 
3  3 
0  3  3 
•H  3  3 
+J  3  3 
3  0  p 


^33 

0  3  M 
O 

O  H  3 
r-i  43 

3  3  44 

3  3 

4J  3  *0 
3 

tJ  P 
iH  »  3 
9  3  > 
OVO 
0  3  H 

iH 

0  3  4J 
3  'H  (0 


3 

fc'O 

3 

3  0>43 
•H  3 
•H  ’rH  H 
3  3  3 
0^33 
<P  3  3  43 
.  04  3  4J  • 
•P  3  0  ^ 

3  44  4J 

3  H  44  -H  44 
3  3  ••4  3 

•H  3  3  P 

0  3  3  0  >0 
0  3  3  3 
•O  0  -H  4J  H 
0  3  3 
3  P  P  >1  3 

43  O  3  3  O 

44  44  4J  'H 
.  3  P  4J 

3  P  *0  3  3 
••4  3  44  O' 


3 

3  0  3  'P 

P 

3  >i4J  >  > 

3 

3  3  3 

H 

H  44  3  3  3 

•P 

•P  0  0  3 

3 

•P  'P  TJ 

44 

>  3  44  3  3 

\ 

SI  0  3  .3  '3 

3 

•P  3  ^  3 

i 

3  44  *P  3 
P  0  0  0 

•P 

3  3  3  44  0 

43 

4:3  43  X  3  0 

0 

>  7  3  'P  U 

P 

3 

O4 

3  0  P  *0  P 
3  44  3  3 

3 

3  >  H  3 

0 

P  3  'P  (P  43 

•P 

3  *0  >0  9  7 

3  O4 
-  O  TJ  ^ 

•  O4  3  3  0 

3  3  3  43  H 

•  3  3 

•H  P  3  >0  .0 

^  P  4J  r4 
O  3  3  >1 
3  O  3  O  H 

>  3  43  0  4J 

+>  -  O  3 

•i4  •  33 

3  3  3  iH  O 

•  3  3*H 

3  'P  3  3  44 

O' w  tg  .H 


3  0 

r-< 

0 

3  44  3  3 

3  3  44 

43  P  -0 

3 

P  3  0  0  O' 

43  H  3  , 

0  3  3 

0 

0  O'  'P 

+4  H  43  P 

P  44  p 

43  3  3  ^3 

3  44  0 

O^  3  0 

3 

0  p  3  • 

P  43  'P 

^  >  0 

0 

3  0  0  3  3 

3  3  3  P 

O'  3  0 

3  0*P  •  p 

3  0  0« 

3  3 

3 

0  44  ‘P  3 

3  r4 

•P  3  3 

3 

3 

3  3  04 

iP  \*P 

0 

3  44  3  3 

P  3  rP  -P 

3  44 

•P 

O'  0  ’P  O4  O' 

0  3  3  43 

0  3  O4 

44 

3  0-P  3 

3  3  3 

44  3 'P 

3 

•P  3  3  43  'P 

•P  0  3 

P  43  43 

O' 

TJ  3  X  3  <0 

3  3  3 

P  0  3 

•P 

3  44  3  3 

.  ‘y  s 

0 

44 

3  3  3  3 

3  0  ^  44 

3  3  3 

3 

P  >0  3  ,3  p 

3  0  ^ 

0  3 

3 

0  ? 

>  3  0  > 

.  3  3 

> 

P  »*P  P 

3  P  0 

3  3 

3 

3  ^44  >  3 

O'  'P  44  H 

•H  •• 

44  0  04  0  44 

in  44  3 

•P  3  3 

0) 

3  3  0  H  3 

•H  O'ia 

P  3 

3  T3 

0.p  3  0 

U  44  3 

3  3  0 

P  3 

0  3  P  43  0 

U  3-P  3 

0  43  3 

3  H 

43  3  3  43 

3  0  TJ 

O' 44 

44  0 

44  0'43  3  ^ 

44  3  0  3 

3  3  3 

P  c 

3  P-P  P  3 

H  &  0  43 

43  p  >1 

H  P  3 

G  -p 

b  0  44  3  44 

CO 


O' 


CO 


U]  =  DC 

WgQ. 


O 

oc 


0(00 
CO  O  o 

—  cc 

<o< 


c 

P14 

X!  0 

U) 

0 

p  •P 

rt 

-p 

3 

Q) 

p  3 

• 

*0 

0  tJV 

•a 

0  w 

0) 

P 

QJ 

3v 

C  3 

TJ 

• 

Q) 

t 

QJ  0 

tn 

3 

•rH  I— i 

C  T! 

c 

CD 

•0 

3 

•P 

•H 

3 

(U 

tn 

•P  P 

04 

0) 

■P 

3 

3 

in  0 

in 

•P 

M  >1 

M 

3 

0) 

P 

•p 

04 

3  a  1 

>1  3 

3  3 

f3  rH 

5? 

0  0 

QJ 

QJ 

3  M 

3 

4J 

0 

•P 

p 

43 

M  0 

> 

U 

0)  P 

3 

P 

(U  M-l 

'I' 

0) 

0> 

TJ 

xs  3 

*3 

O4 

CT> 

0) 

P  H 

QJ 

3 

a  H 

P 

U 

C3 

T3 

•P 

0 

•P  • 

0)  0 

0 

3 

3 

Ta 

0  *0 

0 

3 

■p  p 

<«-( 

0 

u 

3 

p 

P 

CJ  0 

•iH 

\ 

p 

04 

H  •P 

H  C 

in 

P  0 

a  p 

iH  0 

3 

a 

3 

3 

iH 

3 

3  0 

M 

P 

0) 

0 

0)  tjv 

0 

*3  3 

a 

CO 

3 

■p 

•p 

a  3 

P 

3  3v 

W  H 

T3 

ta 

p 

p  •p 

P 

3  3 

3 

>1 

3 

3  04 

3 

P 

>1  a 

W  H 

u 

CJ 

0)  •P 

0 

3«  W 

H  C 

^-1  H 

•p 

P  04 

U 

3 

0  0) 

3 

3 

t3 

P 

•P  P 

>  ^ 

0 

3 

•p 

P 

&» 

H  0) 

•<■1  4J 

P 

•rl 

• 

V 

P  QJ 

3 

3  P 

•p 

0 

a 

■0 

0 

CJ  P 

•P 

0  3 

3  0) 

•H 

0 

a 

P  3 

rH 

<H  > 

H  W 

04 

XI 

OH  S 

3 

3 

0  3 

p 

0 

+3 

p 

3  3 

0 

P  QJ 

P 

0 

> 

P 

3 

0)  • 

P 

QJ  U 

w  0 

4-1 

•P 

<0 

a 

0) 

tn  tn  in 

0 

43 

tL< 

.p 

+J 

a 

p  a 

p 

OVT3 

0) 

0 

3 

rH 

04 

tn  oj  QJ 

CJ 

•P  3 

P  u 

0 

> 

0 

•P 

QJ  ,3  P 

3 

43  3 

^  -H 

in  <(-i 

ta 

P 

3 

.3  p  tn 

a 

•P  H 

o^  4-1 

0 

•P 

& 

CJ  >1 

0  3 

3  0 

(1) 

a 

3 

QJ 

,3  u 

3 

P  0 

p 

% 

c 

0 

3  CJ» 

0) 

•P 

0  (M 

P 

•rH 

0) 

CJ 

P 

QJ  3  H 

43 

>3  W 

au 

3 

x: 

3 

tn  0  H 

» 

3  0 

a 

0 

>1 

4J 

0 

0 

P  3 

QJ  P 

0 

JS  H 

«H 

X3 

.3  2 

tn 

rH  P 

4J  • 

(U 

3 

3 

P 

tn  p 

3 

0 

H  4J 

•rH 

U 

•P 

3  3 

•P 

•3  0 

0  u 

0) 

H  C*p 

c 

rH 

V  ‘H 

P  H 

>1 

<W  3  43 

c 

3  P 

iH 

0 

O4 

a 

fp 

"O 

43  U 

p 

0  •P 

>1  3 

(H 

a 

0) 

rH 

0) 

OP  3 

p 

CJ  tn 

b 

0 

rH 

3 

CJV 

P  H 

0 

u 

A 

4J 

3 

P  <4H 

•3 

in  04 

S  ^ 

0 

3 

3 

>1  QJ 

3 

3  0) 

0 

VO 

(fl 

P 

0) 

3 

P  43  >1 

3 

0  >3 

P  c 

0 

3 

O4 

a 

•P  P  43 

-H 

H 

2 

rH  3 

04 

p  p 

u 

3 

0 

>1 

•P  P  P 

3 

3  QJ 

>1 

1 

0 

p 

H 

43  QJ 

P  TS 

T3  4J 

•  « 

•r) 

•p 

•P 

3  04P 

QJ 

QJ  3 

C  -H 

U 

U 

> 

tn 

04-P  P 

43 

04  3 

0  iH 

3 

0 

3 

3 

3  43  3 

0 

O4  3 

rH 

P 

M 

u 

u  n  a 

tn 

a 

-H 

•H 

P 

a 

0  0 

<u  w 

0 

4J 

0  • 

QJ 

3v  P 

P  0  rH 

> 

CJ  O' 

•  « 

P 

1  «P 

a 

3 

a 

3 

rH 

in 

•3 

to 

»»-( 

W  •H 

0 

>1 

3  tn 

a  -P 

V) 

4H 

0)  rH 

p 

u 

3  a 

0  c 

tn 

0 

P  3 

p 

1  0 

•p  3 

0) 

3  0 

3 

iH 

04P 

0)  u 

CJ 

iH 

rH  4H 

0 

rH 

0  in 

Ui 

CJ 

rH 

•P  0 

u 

< 

p  >1 

2 

cn 

3 

•rH 

3  P 

CO  tn 

0 

•H 

to 

X 

4h  CJ 

rH 

H 

iH  C 

3 

3 

00 

W 

3  13  C 

rH 

O'  a 

a 

i3 

b 

0  "H 

0) 

3 

3 

p 

< 

3 

•H  U 

0) 

*J 

•P  rH 

0) 

H 

u 

O' 

J3 

0 

P  0 

xs 

a 

0  0) 

Eh 

p  p 

Eh 

2 

0 

H  W 

a 

3  -P 

M 

CJ 

0  3 

> 

CJ  3 

W 

V, 

•H  3 

3 

0  0 

CO 

X 

1  n  0  ^ 

1 

«  CJ 

M 

i 

• 

0 

• 

H 

• 

w 

H 

H 

H 

[ore  frequent  checking  and  cleaning  of  strainers  and  baskets  needed  after  any 
lontrol  treatment  for  biofouling  in  the  sea  chests. 


